Microtubule motors control membrane dynamics of Salmonella-containing vacuoles.
Infection of host cells by Salmonella enterica serovar Typhimurium (S. typhimurium) leads to the formation of specialised membrane-bound compartments called Salmonella-containing vacuoles (SCVs). Bacteria remain enclosed by the vacuolar membrane as they divide, and by translocating effector proteins across the vacuolar membrane through the SPI-2 type III secretion system, they interfere with host cell processes in ways that promote bacterial growth. One such effector is SifA, which is required to maintain the integrity of the vacuolar membrane and for the formation in epithelial cells of long tubular structures called Sifs that are connected to SCVs. Unknown effector(s) mediate the assembly of a meshwork of F-actin around SCVs. We report that intracellular bacteria also cause a dramatic accumulation of microtubules around S. typhimurium microcolonies in both epithelial cells and macrophages. Although this process appears to be independent of SPI-2-mediated F-actin assembly, it does require bacterial protein synthesis. In epithelial cells, microtubule accumulation is accompanied by the recruitment of both kinesin and dynein. Inhibition of the activity of either motor prevented both Sif formation and the loss of vacuolar membrane from sifA mutant bacteria. It also resulted in morphologically abnormal vacuoles enclosing wild-type bacteria, and impaired their replication. Our experiments indicate that recruitment of dynein to SCVs is dependent on Rab7 activity. We show that the recently described Rab7 effector RILP is also recruited to SCVs in a Rab7-dependent manner. However, overexpression of RILP did not restore dynein recruitment to SCVs in cells expressing dominant negative Rab7, suggesting that RILP requires a functional Rab7 to be activated at the SCV membrane, or that dynein recruitment is mediated by an effector other than RILP. Together, these experiments indicate that microtubule motors play important roles in regulating vacuolar membrane dynamics during intracellular replication of S. typhimurium.